Human population growth and sea-level rise are increasing the demand for protection of coastal property against shoreline erosion. Living shorelines are designed to provide shoreline protection and are constructed or reinforced using natural elements. While living shorelines are gaining popularity with homeowners, their ability to provide ecological services (e.g., habitat provision and trophic transfer) is not well understood, and information is needed to improve coastal and resource management decision-making. We examined benthic community responses to living shorelines in two case-study subestuaries of Chesapeake Bay using a before-after control-impact study design. At Windy Hill, a bulkhead was removed and replaced by three tombolos, sand fill, and native marsh vegetation. At Lynnhaven, 25 m of eroding marsh shoreline was stabilized with coir logs, sand fill, and native marsh vegetation.
Introduction
Human population growth has led to shoreline development aimed at protecting against erosion and sea-level rise. Natural wetlands can protect shorelines by attenuating waves, capturing and accreting sediment, reducing erosion, and mitigating storm surge (Spalding et al. 2014; Pontee et al. 2016; Gittman et al. 2014) . The loss of fringing wetlands through shoreline modification may alter the connectivity of land and sea, water flow, and access to shallow-water habitats. Hard structures may lead to loss of intertidal habitats and reduce the esthetic value of the shoreline (Dugan et al. 2008; Walker et al. 2011) ; thus, the demand is increasing for alternative methods of erosion protection with natural elements (Arkema et al. 2013; Cheong et al. 2013; Narayan et al. 2016) .
The lack of information on the impact of shoreline structures on the habitats they replace or modify (Weinstein and Kreeger 2000) makes it difficult for managers to evaluate the effects of such habitat alterations on key ecological species and, consequently, consider ecological impacts in shoreline development regulations. To inform coastal and resource management decisions, more information is needed on the effects of alternative erosion-protection structures such as Bliving shorelines^(shorelines incorporating natural elements) on living resources and their ecosystem functions (Sutton-Grier et al. 2015 ; The White House 2015; Narayan et al. 2016) .
Shoreline vegetation supports benthic communities by providing energy input to nearshore detritus-based food webs at Communicated by Nancy L. Jackson Electronic supplementary material The online version of this article (https://doi.org/10.1007/s12237-017-0361-8) contains supplementary material, which is available to authorized users. the land-water interface (Burkholder and Bornside 1957; Teal 1962) , which contribute to trophic transfer through secondary production (Diaz and Schaffner 1990; Valiela 1995) . Several studies suggest that conventional shoreline stabilization (e.g., seawalls and riprap revetments), which often replaces shoreline vegetation, may negatively impact macrofauna in nearby subtidal shallow water habitats (Seitz et al. 2006; Bilkovic et al. 2006; Gittman et al. 2015; Lovall et al. 2017) . In a meta-analysis, fauna adjacent to seawalls had lower diversity and abundance than that adjacent to natural habitats (Gittman et al. 2016a ). Similar to results for invertebrates, shoreline characteristics and inwater structure can affect fish communities that depend on subtidal infauna (Bilkovic et al. 2005) , while larger nekton may take many years to respond (La Peyre et al. 2014) . Since shoreline modification can affect both infaunal benthic communities and higher-trophic-level consumers over time, minimizing conventional shoreline development will reduce these negative effects.
Living shorelines may be employed to avoid or mitigate hardening and destruction of the land-water interface and intertidal zone. Living shorelines that are tailored to specific locations and incorporate natural elements to effectively stabilize shorelines are gaining popularity among homeowners as understanding of their function and potential cost-effectiveness increases (Currin et al. 2010; NOAA 2015; Narayan et al. 2016) . Natural habitat elements used in living shorelines include marsh grasses, submerged aquatic vegetation, riparian vegetation, coarse woody debris, and oyster reef and shell (Piazza et al. 2005) , which are often formed into offshore breakwaters or shoreparallel sills to mimic natural reefs (Erdle et al. 2008; Smith 2008) . Living shorelines are hypothesized to perform as well as, if not outperform, conventional methods for erosion control (Currin et al. 2010; Gittman et al. 2014 Gittman et al. , 2016b , while improving water and habitat quality for nearshore organisms Gittman et al. 2016b; Bilkovic et al. 2016) , particularly in low-energy environments (Smith 2008) . In North Carolina, living shorelines with offshore sills enhanced the nursery habitat and raised nekton abundance and diversity compared to hardened structures and natural salt marshes (Gittman et al. 2016b ). These created fringing marshes, acting as marsh edge habitats, can enhance ecosystem functions . Created marshes can provide fish habitat (Currin et al. 2008) , attenuate waves, trap sediment (Leonard et al. 2002; Morgan et al. 2009; Bilkovic et al. 2016; Narayan et al. 2016) , and remove groundwater nitrate (Tobias et al. 2001; Burke et al. 2005) . The ability of living shorelines to enhance ecological function of the benthos relative to their starting shoreline condition is still little known, though some research has suggested positive effects of living shorelines on benthic abundance and diversity (Bilkovic and Mitchell 2013) . Further information on the impact of living shorelines on benthic infauna is sorely needed to inform resource management decisions as coastal communities continue to develop shorelines .
To better understand biological responses of shallow estuarine benthic infaunal communities to living shoreline construction, we monitored two living shoreline case studies, one in upper and one in lower Chesapeake Bay, using a before-after control-impact (BACI) approach. Living shorelines were constructed to replace a bulkhead in the upper bay and an eroding marsh in the lower bay. The objective of our study was to examine the impacts of living shoreline construction on benthic infaunal density, biomass, taxonomic richness, and species composition.
At both case-study locations, we hypothesized that density, biomass, and richness of infaunal communities would increase at Bimpact^shorelines after living shoreline construction, relative to control shorelines. Additionally, we hypothesized that living shoreline construction would alter infaunal community composition at impact shorelines, but communities at control shorelines would not change.
Materials and Methods

Case-Study Locations
Two case-study locations were selected, one each in the upper (Windy Hill) and lower Chesapeake Bay (Lynnhaven; Fig. 1a ). Locations were chosen based on the timing, length (> 20 m), and accessibility (< 1.2 m in depth at 5 m from the shoreline at mid-tide) of the living shorelines undergoing construction.
Case Study 1: Upper Chesapeake Bay-Windy Hill
Windy Hill Farm in Centreville, MD, is located on the Corsica River. In June 2010, a 150-m section of bulkhead was removed and replaced by a living shoreline constructed with a breakwater system built to resemble natural tombolos surrounding lagoons (Fig. 1b, c) . Three sills (approx. 12-25 m long by 3 m wide, 18 m from the shore) were constructed of cobbles (~100 mm diameter) and gravel (~20 mm diameter) at 0.6 m depth and connected to the mainland by sandbars. About 50% of these structures is exposed at MLLW. Marsh grasses (Spartina alterniflora, Spartina patens, and Pacinum virgatum) were planted in late 2010 on the tombolos and along the shoreline, at appropriate elevations covering the project footprint. Post-construction, the living shoreline was 211 m in length, and the project footprint > 3500 m 2 . Benthic infauna were collected over 4 years, once before (spring 2010) and three times after (spring 2011, 2012, and 2013 ) construction of the living shoreline at three shoreline types (impact = bulkhead converted to living shoreline, bulkhead = bulkhead control, marsh = fringing marsh control). Neighboring shorelines were selected as controls to mimic the impact shoreline both before (bulkhead) and after (marsh) living shoreline construction.
Case Study 2: Lower Chesapeake Bay-Lynnhaven
Little Haven Bay is located in the Lynnhaven River, Lynnhaven, VA. In July 2012, an eroding sandy bank, at which vegetation was largely lost (hereafter Beroding marsh^) was converted to a living shoreline (Fig. 1d, e) . Coir logs (0 .3 m diameter) were staked at a depth of approximately 0.18 m along 30 m to create a new marsh toe and stabilize 25 m of shoreline. The bank was filled with 57 m 3 of sand graded to a slope of 0.125 m. Marsh grasses (S. alterniflora, S. patens, and Distichlis spicata) were planted at appropriate elevations spanning the 147-m 2 project footprint. Benthic infauna were collected over 3 years, once before (spring 2012) and twice after (spring 2013 and 2014) construction of the living shoreline, at two shoreline types (impact = eroding marsh converted to living shoreline, marsh = fringing marsh control). Neighboring marsh shorelines were selected as controls to mimic the impact shoreline after living shoreline construction.
Infaunal Sampling and Physical Data
To collect large (> 3 mm) deep-dwelling benthic infauna, a large PVC core 38 cm in inner diameter (0.11 m 2 ) was pushed 40 cm into the sediment and evacuated with a suction apparatus into a 3-mm-mesh bag (Eggleston et al. 1992; Seitz et al. 2006) . Samples were bagged, placed on ice in the field, and frozen until processing. In the lab, samples were sorted thoroughly, then double checked for accuracy, and all organisms were transferred to 70% ethanol, enumerated, and identified to the lowest possible taxonomic level. Organisms were dried at 65°C for 48 h, weighed, and then combusted in a muffle furnace at 550°C for 4 h to obtain ash-free dry weight. All sampling took place in spring (May-June), was repeated annually, and replicated in space at each shoreline type (n = 3-7 replicates).
At each infaunal sampling site, surface salinity, dissolved oxygen (DO), and water temperature were measured using a calibrated YSI Pro-Plus Multi-Parameter Water Quality Meter. Sediment was sampled at each infaunal sampling site using a 2.6-cm-diameter syringe core pushed into the sediment to 5 cm and the percent of various grain sizes determined using a standard wet sieving and pipetting technique (Plumb 1981) .
Data Analysis and Interpretation
Responses in density, biomass, and taxonomic richness of infaunal communities to living shoreline construction were analyzed with linear models (Forrest and Taylor 2002; Schwarz 2015; Ives 2015) using R statistical software (R version 3.4.0, R Core Team 2017). Density and biomass were converted to per square meter and were log 10 (x + 1) transformed as needed to satisfy assumptions of normality and homogeneity of variance (Forrest and Taylor 2002; Ives 2015) . Fixed effects included in all models were years, shorelines (impact, marsh control, and bulkhead control), and their interaction, which is the effect of interest in BACI designs (Underwood 1994; Smith 2002; McDonald et al. 2000; Schwarz 2015 ). In our BACI design, interactions of year and shoreline (BACI interactions) indicated impacts of living shoreline construction. Densities and biomasses of clam and polychaete assemblages were also analyzed using the same model structure.
Responses of infaunal community composition, clam assemblage, and polychaete assemblage to living shoreline construction were analyzed using asymmetric, distance-based permutational (non-parametric) multivariate analyses of variance (PERMANOVA) using R statistical software (R version 3.4.0, R Core Team 2017). A small number (0.0001) was added to all community composition data to retain samples with zero animals. Community composition data were square root transformed, and similarities were based on the BrayCurtis dissimilarity calculation. Model structure was identical to that described in univariate analyses.
Results
Case Study 1: Upper Chesapeake Bay-Windy Hill
Water Quality and Sediment Grain Size Salinity, water temperature, and dissolved oxygen varied similarly among shoreline types (see Supplementary Table A1 ). In 2011, salinity dropped to 3.6 PSU at all shoreline types (Table A1) , consistent with wet meteorological conditions that year. Water temperatures remained within a 5°C range throughout the study period, and dissolved oxygen remained normoxic. Percent sand (62.5 μm ≤ diameter ≤ 2000 μm) varied significantly by shoreline (df = 2, F = 10.993, p < 0.0005). The interaction of year and shoreline was not significant (df = 6, F = 2.046, p = 0.079). Percent fine sediments (diameter < 62.5 μm, includes silt and clay) differed by year (df = 3, F = 3.131, p = 0.035), but not by shoreline, and the BACI interaction was not significant.
Benthic Community Composition and Analyses
Twelve individual taxa, including bivalves (Limecola balthica, Rangia cuneata, Ameritella mitchelli, Mya arenaria), polychaetes (Alitta succinea, Eteone heteropoda, Laeonereis culveri), and crustaceans (Cyathura polita, Edotea triloba), were collected at Windy Hill (Table A2) . Total infaunal density at all shorelines varied significantly by year (Table A3) . At the impact shoreline, density tended to decrease markedly in 2011, one year after living shoreline construction, but tended to increase in subsequent years, matching that at marsh shorelines by 2013 (Fig. 2a) . Clam and polychaete densities each varied significantly by year and tended to show contrasting responses to living shorelines, particularly one year after construction (2011) and in the final year of the study (2013) . Clam density tended to remain stable at all shorelines from 2010 to 2011, tended to increase slightly at all shorelines in 2012, and tended to increase markedly at the living shoreline compared to the controls in 2013 (Fig. 2b) , although the BACI interaction was not significant. Polychaete density at all shorelines varied significantly by year and by shoreline type, with a significant BACI interaction (p = 0.027; Table A3 ). Polychaete density decreased markedly one year after construction (2011) at the living shoreline compared to that at control shorelines, and remained low at the living shoreline for the duration of the study (Fig. 2c) .
Total infaunal biomass at all the Windy Hill shorelines varied significantly by year (Table A3 ). Biomass at the impact shoreline tracked that at marsh control shorelines from before to after living shoreline construction, but tended to increase from 2011 through 2013, although the BACI interaction was not significant (Fig. 2d) . Infaunal biomass at the impact shoreline doubled from 3.7 ± 0.8 g AFDW/m 2 before living shoreline construction to 7.4 ± 2.3 g AFDW/m 2 in 2013, three years after living shoreline construction. Similar to density, clam and polychaete biomasses at Windy Hill showed contrasting trends in response to living shorelines, particularly one year after living shoreline construction (in 2011) and in the final year of the study (2013) . Clam biomass tracked the changes in total biomass (Fig. 2e) and varied significantly by year, whereas polychaete biomass differed among shorelines and years, and the BACI interaction had a p value of 0.07 (Table A3) . At the living shoreline, clam biomass tended to increase from 2011 to 2012 and 2013, and polychaete biomass tended to decrease one year after living shoreline construction (2011; Fig. 2f ). Taxonomic richness at Windy Hill decreased at the impact shoreline one year after living shoreline construction (2011), but it matched richness at the controls thereafter (Fig. 2g) , and the BACI interaction was significant (p = 0.009; Table A3 ).
Community composition at Windy Hill differed significantly by year and shoreline with a significant BACI interaction (p = 0.040; Table A3 ), illustrating that communities varied differentially among shorelines and years in response to living shoreline construction. The clam assemblage reflected this change with a significant BACI interaction (p = 0.007; Table A3 ). Changes in clam assemblage composition reflected increases in abundances of such species as Limecola balthica and Mya arenaria at living shorelines compared to bulkhead controls (Table A2 ). In contrast, the polychaete assemblage composition did not change with living shoreline construction (Tables A2 and A3 ).
Case Study 2: Lower Chesapeake Bay-Lynnhaven Bay
Water Quality and Sediment Grain Size Salinity and dissolved oxygen remained largely consistent and normoxic, with no clear patterns across years and shoreline types (Table A4) . Water temperature at all shorelines remained consistent throughout the study period, with temperatures at living shorelines tending to be~2°C cooler than control shorelines across all years (Table A4 ). Percent sand (62.5 μm ≤ diameter ≤ 2000 μm) varied significantly by year (df = 2, F = 20.0, p < 0.0005) but not by shoreline (Table A4 ). In 2013, one year after living shoreline construction, percent sand dropped at both control (Spartina marsh) and living shorelines, whereas two years after construction, percent sand increased at both shorelines (Table A4 ). Percent fine sediments (diameter < 62.5 μm, includes silt and clay) differed by year (df = 2, F = 20.000, p < 0.0005), but not by shoreline, and the BACI interaction was not significant (Table A4) .
Benthic Community Composition and Analyses
Sixteen individual taxa, including bivalves (Limecola balthica, Ameritella mitchelli, Mulinia lateralis, Tageuls plebeius, Ensis leei), polychaetes (Alitta succinea, Glycera Fig. 2 a- Table A3 dibranchiata, Glycinde solitaria, Clymenella torquata, Laeonereis culveri, Loimia medusa), and crustaceans (Cyanthura polita), were collected at Lynnhaven (Table A5) . Infaunal density at all Lynnhaven shorelines varied significantly by year but not significantly by shoreline and with no significant BACI interaction (Table A6 ). Density at the impact shoreline tended to increase in 2013, one year after living shoreline construction, and tended to decrease in 2014 (Fig.  3a) . Clam and polychaete densities tended to show contrasting responses at the impact shoreline, particularly one year after living shoreline construction (2013) . Clam density at all shorelines varied significantly by year (Table A6 ) and at the impact shoreline it tended to increase from before (2012) to after living shoreline construction (2013; Fig. 3b) , with no significant BACI interaction. Polychaete density for all years differed significantly by shoreline; there was no significant difference by year, and there was a significant BACI interaction (p = 0.020; Table A6 ). At the impact shoreline, polychaete density decreased from before (2012) to after (2013) living shoreline construction compared to density at the control shoreline (Fig. 3c) .
Total infaunal biomass at all Lynnhaven shorelines differed significantly by year, but not by shoreline, and the BACI interaction was not significant. Infaunal biomass at the impact shoreline tended to rise from 2012 (before living shoreline construction) to 2013 (one year after construction) and remain constant in 2014 (Fig. 3d) . Overall, infaunal biomass at the impact shoreline increased from 10.1 ± 4.3 g/m 2 in 2012, before living shoreline construction, to 18.1 ± 3.4 g/m 2 in 2014, two years after living shoreline construction. Similar to density, clam and polychaete biomasses also tended to show contrasting responses to the living shoreline, particularly one year after living shoreline construction (2013) . Clam biomass at all shorelines differed significantly by year, but not by shoreline, and the BACI interaction was not significant (Table A6) . Clam biomass tended to increase from before (2012) to after (2013) construction and then remain constant (Fig. 3e) . Polychaete biomass at all shorelines differed significantly by , and g taxa richness/0.11 m 2 within benthic infaunal communities adjacent to impact shorelines (Impact; light gray circles) and marsh control shorelines (Marsh; dark gray triangles). The dashed line represents the conversion of the impact shoreline from eroding marsh to a living shoreline. Error bars are 1 SE; sample sizes per year and shoreline type as in Supplementary Table A4 . Y x S designates significant BACI interactions, with interaction pvalues. For full ANOVA results, see Supplementary Table A6 year, tended to decrease from before (2012) to after construction (2013), and then remain constant (Fig. 3f) , and the BACI interaction was not significant. Infaunal taxonomic richness at all shorelines varied significantly by year, and the BACI interaction was not significant. Richness tended to decrease at the impact shoreline from before (2012) to one year after (2013) living shoreline construction (Fig. 3g) . Following living shoreline construction, richness tended to remain constant between shorelines.
Community composition differed among years and between shorelines, with a BACI interaction p value of 0.074 (Table A6) . Differences in community composition may have reflected trends toward increases in species such as Limecola balthica, Leitoscoloplos spp., and the isopod Cyathura polita at impact shorelines after living shoreline construction (Table A5 ). Clam and polychaete assemblage compositions did not individually differ among shorelines and years, and there were no significant BACI interactions.
Discussion
Responses of benthic communities to the two living shorelines in our study, either replacing bulkhead or stabilizing eroding marsh, reflect similar patterns and trends. First, biomass tended to increase in response to living shorelines. Second, clam and polychaete assemblages tended to respond differentially to living shorelines. Species composition of clam assemblages changed at Windy Hill, which likely drove the biomass trends. While community composition did not change significantly at Lynnhaven, there was a trend toward increasing densities of clams, which also likely drove the biomass trends. We hypothesized that biomass would increase and community structure would be altered with living shorelines, while the responses of polychaetes and taxonomic diversity were somewhat counter to our initial hypotheses.
Evidence for Benefits to Benthic Communities
Our study provided evidence for beneficial impacts of living shorelines via increasing trends in biomass at living shorelines by the end of our study period. While BACI interactions were not significant for biomass at our study sites, the increasing trends in biomass that mirrored high biomass at natural marsh controls are biologically meaningful and may indicate a benefit from living shorelines. Infaunal biomass at Windy Hill impact shorelines doubled from 3.7 ± 0.8 g/m 2 in 2010 to 7.4 ± 2.3 g/m 2 in 2013 (99% increase). Additionally, infaunal biomass at both bulkhead and marsh controls in 2013 tended to be lower than at impact (living) shorelines (3.3 ± 0.4 and 4.6 ± 0.4 g/m 2 , respectively). Although biomass at both bulkhead and marsh shorelines also tended to increase from 2010 to 2013 (16 and 37% increases, respectively), the increases at controls tended to be smaller than that at impact shorelines. At Lynnhaven, infaunal biomass tended to increase from 10.1 ± 4.3 to 18.1 ± 3.4 g/m 2 (78% increase) at impact shorelines from 2012 to 2014. Biomass also tended to increase at marsh shorelines over that time frame (11.1 ± 8.1 to 25.0 ± 6.8 g/m 2 , 126% increase). Increasing trends in biomass likely reflected the increase in the proportion and growth of large bivalves, such as Limeocla balthica (Tables A2 and A5 ). Limecola balthica is a key infaunal species, and its presence can indicate a generally healthy ecosystem (Long et al. 2014 ) and improvement in habitat quality at living shorelines. Densities of L. balthica were 568% higher at the Windy Hill living shoreline in 2013 compared to 2010. Densities of L. balthica were 44% lower at bulkhead and 48% lower at marsh shorelines than at impact shorelines in 2013 (Table A2 ). Densities of L. balthica also tended to increase at the Lynnhaven living shoreline by 92% from 2012 to 2014 (Table A5 ). This euryhaline species provides an important food web link between the phytoplankton and detritus on which it feeds and higher trophic levels, such as the economically important blue crab Callinectes sapidus (Lipcius et al. 2007 ). Thus, increasing trends in biomass from large, deep-dwelling bivalves such as L. balthica may indicate a transition toward a more stable infaunal community with maturation of the living shoreline, which is able to support ecosystem functions (e.g., habitat provision and trophic transfer) at levels that are similar to those of a fringing marsh. The results of this study complement findings of previous studies by suggesting that living shorelines enhance nearshore community structure (Bilkovic and Mitchell 2013; Currin et al. 2015; Gittman et al. 2016b ). While we did not address changes to the vegetation, shoreline profile, and hydrodynamics at living shorelines and adjacent controls, growth and maturation of adjacent marsh flora were evident at both study sites, and future study of its influence on benthic communities at living shorelines and adjacent control marshes is needed.
Differential Temporal Responses of Clam and Polychaete Assemblages to Living Shorelines
Clam and polychaete assemblages showed different trends in response to living shoreline construction at both study sites. At Windy Hill, a transition in community structure at living shorelines was shown through the differential trends in clam density and biomass, which tended to increase, compared to polychaete density, which significantly decreased, and polychaete biomass, which tended to decrease, at living shorelines. In addition, community composition changed differentially among clam assemblages (significant change) and polychaete assemblages (no change) at Windy Hill. At Lynnhaven, a transition in community structure is suggested through increasing trends in clam density and biomass at living shorelines, but decreasing polychaete density and decreasing trends in polychaete biomass at living shorelines. While the observed increasing trends in clam density and biomass and decreasing trends in polychaete biomass are not reflected in significant BACI interactions, they represent trends in responses to living shorelines. These differences are biologically meaningful but neither strong nor lasting enough to trigger significant BACI interactions among the natural variation present in the system.
The decreases in polychaete density and in species richness at Windy Hill suggest that this living shoreline construction, with its large footprint and dramatic alteration of the shoreline, was an initial disturbance to infaunal communities. The increasing trend in polychaete biomass in 2013 at the living shoreline suggests polychaetes may be able to recover from this interim disturbance given enough time. This is comparable to disturbances theorized to be responsible for decreases in species richness at high levels of environmental stress (Pearson and Rosenberg 1978; Menge and Sutherland 1987) . The responses and trends of infaunal communities in our study suggest that clams and polychaetes respond differentially during succession following the disturbance of living shoreline construction in estuaries, given that clam and polychaete assemblage responses and trends were similar at both case-study sites. Successional dynamics following meso-scale disturbances (such as construction) vary spatially and temporally, depending on several physical and biological processes, such as timing of disturbance, habitat, reproductive periodicity of infauna, population dynamics of the species pool of colonizers, and abiotic and biotic factors (e.g., food and space; Zajac et al. 1998) . Estuarine fauna are subject to many stressors and natural variation (e.g., salinity), which makes documenting succession a difficult task, especially as transitory communities (those that occur between pioneer and final communities) are difficult to predict (Pearson and Rosenberg 1978) . In spite of the variation inherent in estuaries, at the end of the study period, we documented positive trends in clam assemblages (via density and biomass), accompanied by a change in clam assemblage structure at the Windy Hill study site, and negative responses in polychaete assemblages (via density and decreasing trends in biomass) at both case-study sites. The consistency in responses across our study sites (with different salinities, starting shorelines, and project scales, among other differences) suggests that the two locations are likely demonstrating a successional response to living shoreline construction. The decrease in density and decreasing trends in biomass of polychaetes and simultaneous increasing trends in clam density and biomass suggest a transition toward stable communities at living shorelines as they begin to function as fringing marshes.
The benthic communities at our living shoreline sites are likely to continue to change with time, and reflect the transitional phase of succession described by Pearson and Rosenberg (1978) . In spite of the differences among the two case-study sites (salinity, spatial footprint, and starting shoreline condition, among others), trends in infaunal responses were similar among them. While our results cannot be generalized to all living shorelines (particularly given their varied designs and locations), the similarities between our two case studies give us confidence that the community responses in our study provide insight into successional dynamics following living shoreline construction at meso-scales (3 500 m 2 project footprint at Windy Hill; 147 m 2 project footprint at Lynnhaven).
Infaunal metrics in our study showed high variability. Studies over longer time scales may help further delineate impacts of living shorelines from increased variance in community metrics in response to stressors (Carpenter and Brock 2006; Scheffer et al. 2009 ), such as living shoreline construction. Development of long-term benefits from constructed marshes takes time; a minimum of three years is required for any aboveground plant biomass to meet or exceed levels of primary production compared to that of a natural marsh (Craft et al. 2003) . In our study, trends in increasing clam density and biomass, indicative of stable benthic communities at living shorelines, did not appear at Windy Hill until 2 or 3 years following construction. Our results suggest that additional monitoring is needed, both before and after living shoreline construction, to differentiate long-term responses of infaunal communities to living shorelines from responses to interim disturbances from living shoreline construction.
Implications for Study Design and Management Decision-Making
Our study was designed to identify impacts on benthic communities from replacing bulkhead and eroding marsh shorelines with living shorelines. In conjunction with evidence from other studies suggesting living shorelines are able to reduce erosion (Currin et al. 2010; Narayan et al. 2016; Pontee et al. 2016) , provide resilience to storm impacts (Swann 2008 , Gittman et al. 2014 Narayan et al. 2016) , and support infaunal and nekton communities (Bilkovic and Roggero 2008; Davis et al. 2008; Gittman et al. 2016b; Bilkovic and Mitchell 2013; Bilkovic et al. 2016) , our study suggests that living shorelines can alter infaunal community composition (to mirror that at fringing marshes). They may boost infaunal density and biomass, particularly of clam assemblages, within a few years. When adapted to site conditions, living shorelines pose an alternative to traditional hardening for shoreline protection and can aid in meeting multiple coastal management goals, including erosion reduction, benthic habitat provision, and trophic transfer.
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